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400

402
N CONTROL AT LEAST ONE CONDUCTIVE PATH BETWEEN A POWER-SUPPLY-
SIDE CONNECTOR COUPLED TO A POWER SUPPLY AND A LOAD-SIDE
CONNECTOR COUPLED TO A LOAD

y

404~ V
MONITOR A FIRST ELECTRICAL PROPERTY OF THE POWER-SUPPLY-SIDE
CONNECTOR

406 y
\l MONITOR A SECOND ELECTRICAL PROPERTY OF THE LOAD-SIDE CONNECTORI

408 v
“\JANALYZE THE FIRST ELECTRICAL PROPERTY AND THE SECOND ELECTRICAL

PROPERTY USING A DIAGNOSTIC MONITOR COUPLED TO THE POWER-
SUPPLY-SIDE CONNECTOR AND THE LOAD-SIDE CONNECTOR

410\ Yy
ANALYZE A HEALTH OF THE POWER SUPPLY WHEN THE AT LEAST ONE
CONDUCTIVE PATH IS OPEN

412 Y
N ANALYZE A HEALTH OF THE LOAD WHEN THE AT LEAST ONE CONDUCTIVE
PATH IS OPEN

414
N ANALYZE ELECTRICAL CHARACTERISTICS OF POWER FLOW WHEN THE AT
LEAST ONE CONDUCTIVE PATH IS CLOSED

FIG. 4
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502\

PROVIDE A POWER-SUPPLY-SIDE CONNECTOR OPERABLE TO COUPLE TO A
POWER SUPPLY

504

v

\l PROVIDE A LOAD-SIDE CONNECTOR OPERABLE TO COUPLE TO A LOAD I

A 4

PROVIDE AT LEAST ONE CONDUCTIVE PATH FOR ELECTRICITY TO FLOW
BETWEEN THE POWER-SUPPLY-SIDE CONNECTOR AND THE LOAD-SIDE

CONNECTOR

A\ 4

PROVIDE A DIAGNOSTIC MONITOR OPERABLE TO MONITOR AND CHANGE
ELECTRICAL PROPERTIES OF THE POWER-SUPPLY-SIDE CONNECTOR AND
THE LOAD-SIDE CONNECTOR

v

PROVIDE A DISPLAY MODULE OPERABLE TO DISPLAY ANALYSIS RESULTS
OF THE DIAGNOSTIC MONITOR

y

A

PROVIDE A PROGRAMMABLE INTERCONNECT RESISTANCE METER OPERABLE

TO DETERMINE WHETHER THERE IS A SHORT CIRCUIT BETWEEN A FIRST

PIN AND A SECOND PIN FROM AMONG PINS OF THE POWER-SUPPLY-SIDE

CONNECTOR AND THE LOAD-SIDE CONNECTOR BY MEASURING A RESISTANCE
BETWEEN THE FIRST PIN AND THE SECOND PIN

v

PROVIDE A FREQUENCY COUNTER OPERABLE TO MEASURE AND SET A LINE
FREQUENCY OF THE AT LEAST ONE CONDUCTIVE PATH

v

PROVIDE A VOLT METER OPERABLE TO MEASURE AND SET A LINE VOLTAGE
OF THE AT LEAST ONE CONDUCTIVE PATH

A\ 4

PROVIDE AN AMMETER OPERABLE TO MEASURE A LINE CURRENT OF THE

AT LEAST ONE CONDUCTIVE PATH

FIG. 5
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1
ELECTRICAL POWER DIAGNOSTIC
SYSTEM AND METHODS

GOVERNMENT RIGHTS

This invention was made with Government support under
Contract No. FA8614-04-C-2004 awarded by Department of
Defense. The government has certain rights in this invention.

FIELD

Embodiments of the present disclosure relate generally to
electrical power monitoring. More particularly, embodiments
of the present disclosure relate to a troubleshooting tool for
electrical systems.

BACKGROUND

There may be many reasons a load such as an aircraft will
not accept external power from an external aircraft power
supply cart, hanger power, or other power supply. The power
supply may be non-optimal, but generally a replacement
power supply is tried or a support equipment supplier diag-
noses the power supply. Sometimes, there is a problem with
load power system monitoring equipment or load wiring/
circuitry. There are cases where the load power system moni-
toring equipment has failed due to an anomaly, and been
replaced with a new part which also failed due to a problem
with the load wiring/circuitry. This process is tedious, takes
time and resources, and sometimes results in inaccurate con-
clusions.

SUMMARY

An electrical power diagnostic device and methods are
disclosed. A power-supply-side connector is operable to
couple to a power supply, and a load-side connector is oper-
able to couple to a load. At least one conductive path allows
electricity to flow between the power-supply-side connector
and the load-side connector, and a diagnostic monitors elec-
trical properties of the power-supply-side connector and the
load-side connector.

The electrical power diagnostic device can quickly deter-
mine if the power supply is out of tolerance, save trouble-
shooting time by allowing operators to determine a higher
level cause of an anomaly before calling technicians (e.g., this
could also indicate a magnitude of an issue), does not require
external power to operate (e.g., comprises a battery), and can
be used with various loads, among other advantages. In this
manner, the electrical power diagnostic device provides nec-
essary information to more precisely and with more expedi-
ency determine a source of an anomaly in an electronic sys-
tem.

In an embodiment, an electrical power diagnostic device
comprises a power-supply-side connector, a load-side con-
nector, at least one conductive path, and a diagnostic monitor.
The power-supply-side connector is operable to couple to a
power supply. The load-side connector is operable to couple
to a load. The at least one conductive path allows for electric-
ity to flow between the power-supply-side connector and the
load-side connector. The diagnostic monitor is operable to
monitor and change electrical properties of the power-supply-
side connector and the load-side connector.

In another embodiment, a method for providing an electri-
cal power diagnostic device provides a power-supply-side
connector operable to couple to a power supply, and provides
a load-side connector operable to couple to a load. The

10

15

20

25

30

35

40

45

50

55

60

65

2

method further provides at least one conductive path for elec-
tricity to flow between the power-supply-side connector and
the load-side connector. The method further provides a diag-
nostic monitor operable to monitor and change electrical
properties of the power-supply-side connector and the load-
side connector.

In a further embodiment, a method for electrical power
diagnostics controls at least one conductive path between a
power-supply-side connector coupled to a power supply and
a load-side connector coupled to a load, and monitors a first
electrical property of the power-supply-side connector. The
method further monitors a second electrical property of the
load-side connector, and analyzes the first electrical property
and the second electrical property using a diagnostic monitor
coupled to the power-supply-side connector and the load-side
connector.

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the detailed description. This summary is not intended to
identify key features or essential features of the claimed sub-
jectmatter, nor is it intended to be used as an aid in determin-
ing the scope of the claimed subject matter.

BRIEF DESCRIPTION OF DRAWINGS

A more complete understanding of embodiments of the
present disclosure may be derived by referring to the detailed
description and claims when considered in conjunction with
the following figures, wherein like reference numbers refer to
similar elements throughout the figures. The figures are pro-
vided to facilitate understanding of the disclosure without
limiting the breadth, scope, scale, or applicability of the dis-
closure. The drawings are not necessarily made to scale.

FIG. 1is anillustration of an exemplary electrical diagnos-
tic system according to an embodiment of the disclosure.

FIG. 2 is an illustration of an exemplary functional block
diagram of an electrical power diagnostic system according to
an embodiment of the disclosure.

FIG. 3 is an illustration of an exemplary functional block
diagram of an electrical power diagnostic system according to
an embodiment of the disclosure.

FIG. 4 is an illustration of an exemplary flowchart showing
a process for an electrical power diagnostics according to an
embodiment of the disclosure.

FIG. 5 is an illustration of an exemplary flowchart showing
a process for providing an electrical power diagnostic device
according to an embodiment of the disclosure.

DETAILED DESCRIPTION

The following detailed description is exemplary in nature
and is not intended to limit the disclosure or the application
and uses of the embodiments of the disclosure. Descriptions
of'specific devices, techniques, and applications are provided
only as examples. Modifications to the examples described
herein will be readily apparent to those of ordinary skill in the
art, and the general principles defined herein may be applied
to other examples and applications without departing from
the spirit and scope of the disclosure. The present disclosure
should be accorded scope consistent with the claims, and not
limited to the examples described and shown herein.

Embodiments of the disclosure may be described herein in
terms of functional and/or logical block components and
various processing steps. It should be appreciated that such
block components may be realized by any number of hard-
ware, software, and/or firmware components configured to
perform the specified functions. For the sake of brevity, con-
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ventional techniques and components related to, power dis-
tribution systems, electrical systems, electrical measure-
ments tools, and other functional aspects of the systems (and
the individual operating components of the systems) may not
be described in detail herein. In addition, those skilled in the
art will appreciate that embodiments of the present disclosure
may be practiced in conjunction with a variety of circuits, and
that the embodiments described herein are merely example
embodiments of the disclosure.

Embodiments of the disclosure are described herein in the
context of a practical non-limiting application, namely, an
electrical diagnostic tool for monitoring external power of an
aircraft electrical system. Embodiments of the disclosure,
however, are not limited to such aircraft electrical system
applications, and the techniques described herein may also be
utilized in other applications. For example but without limi-
tation, embodiments may be applicable to ships, buildings,
hospitals, factories, spacecraft, submarines, automotive
vehicles, or other type of special or general purpose host
platform desirable or appropriate for a given application or
environment.

Aswould be apparent to one of ordinary skill in the art after
reading this description, the following are examples and
embodiments of the disclosure and are not limited to operat-
ing in accordance with these examples. Other embodiments
may be utilized and structural changes may be made without
departing from the scope of the exemplary embodiments of
the present disclosure.

Currently, aircraft operators generally do not have tools or
methods for checking a ground cart and aircraft interface
connectors. When an aircraft does not come online after con-
necting external power, an operator generally calls and waits
for a technician to arrive. The technician may then bring
additional support equipment and follow steps in fault isola-
tion manuals to solve an operation anomaly. If the ground cart
is out of tolerance, Aircraft Ground Equipment (AGE) per-
sonnel generally make adjustments. This process is tedious,
takes time and resources, and sometimes results in inaccurate
conclusions.

Embodiments of the disclosure provide an electrical diag-
nostic device as a troubleshooting tool for identifying a non-
optimality almost immediately before more effort is
expended getting a different ground cart or replacing parts on
an aircraft. The troubleshooting tool not only monitors a
quality of a ground cart power, but also checks the aircraft for
opens and shorts which would prevent the ground cart power
from being accepted or from creating an anomaly in aircraft
equipment. The troubleshooting tool can be tailored for each
aircraft model or have settings for each different aircraft
model. The troubleshooting tool need not replace aircraft
built-in monitoring, and can also be used to validate the
ground cart even before it is applied to the aircraft.

Electrical measurement devices can be encapsulated in the
troubleshooting tool. The troubleshooting tool can be capable
of monitoring live occurrences of an anomaly and automati-
cally determining a root cause of the anomaly. The trouble-
shooting tool can also be used by operators in addition or
instead of by mechanics.

There are numerous advantages in utilizing the trouble-
shooting tool described herein instead of existing solutions.
As mentioned above, the troubleshooting tool according to
embodiments of the disclosure, for example but without limi-
tation, can quickly determine if the ground cart is out of
tolerance, save troubleshooting time, allow operators to
determine a higher level cause of an anomaly before calling
technicians (this can also indicate a magnitude of the issue),
does not require any modifications to aircraft drawings or
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design of the ground cart, does not require external power to
operate since it can operate using a portable power supply
such as a battery, can be used with various loads such as an
aircraft, and other advantages.

FIG. 1is anillustration of an exemplary electrical diagnos-
tic system (system 100) according to an embodiment of the
disclosure. The system 100 may comprise: a power supply
102, a power supply receptacle 104, an electrical diagnostic
device 106, a load plug 108, and a load 110.

The power supply 102 may comprise an aircraft ground
cart, a portable power supply such as a battery, hanger power,
or other power supply.

The electrical diagnostic device 106 (device 106) com-
prises a power-supply-side connector 118, and a load-side
connector 120. The electrical diagnostic device 106 can be
interconnected to the power supply receptacle 104 via the
power-supply-side connector 118 and to the load plug 108 via
a load-side connector 120. The electrical diagnostic device
106 is generally housed and packaged such that it can suitably
beused on site, and does not require external power to operate
since it can operate using a portable power supply such as a
battery. The device 106 may comprise, for example but with-
out limitation, a desktop, a laptop or notebook computer, a
hand-held computing device (e.g., PDA, cell phone, palmtop,
etc.), a server, a client, or any other type of special or general
purpose computing device as may be desirable or appropriate
for a given application or environment.

The electrical diagnostic device 106 also comprises a dis-
play module 112 operable to display electrical measurements
and results of electrical diagnostic analysis on a display
screen 114 thereof as explained in more detail below. In this
manner, troubleshooting can occur on the spot without a need
for additional personnel or equipment. Additionally an indi-
cator 116 may be coupled to the electrical diagnostic device
106 to assist the operator in determining a status of the system
100. The indicator 116 may comprise, for example but with-
out limitation, a GO/NO-GO light, a warning sound, or other
indicator. For example a green/red light can be used for the
GO/NO-GO light to indicate to the operator whether it is
operationally optimal to apply external power from the power
supply 102 to the load 110, thereby indicating the status ofthe
system 100. The indicator 116 may be especially useful if the
display module 112 is difficult to see due to, for example,
rough weather.

The electrical diagnostic device 106 is also operable to
determine both a magnitude of an anomaly related to the
power supply 102 and whether it is operationally optimal to
apply external power from the power supply 102 to compo-
nents of the load 110.

The electrical diagnostic device 106 can significantly
lower a Bus Power Control Unit (BPCU) retest ok (RTOK)
rate. The BPCU is an external power controller used, for
example, in aircraft and controls power onboard aircraft as
well as external power. Using existing methods, a BPCU may
be pulled from a load frequently and unnecessarily. By using
the electrical diagnostic device 106 according to embodi-
ments of the disclosure, a magnitude of an anomaly can be
quickly determined, and correct actions and anomaly isola-
tion procedures can be followed without having to remove the
BPCU.

There may be a variety of external power related anomalies
such as, but without limitation, short circuits due to lavatory
duct leaks, short circuits due to foreign object impact, non-
optimal solder connections, the power supply 102 being out
of'tolerance, and other electrical anomaly.

The electrical diagnostic device 106 monitors interfaces
related to the anomalies mentioned above. Substantially



US 9,157,942 B2

5

instant feedback can be provided to the operator of the load
110, and maintenance personnel can utilize additional menus
on the display screen 114 for detailed information by using
menu buttons 122 to select various menu options. The elec-
trical diagnostic device 106 can significantly decrease a time
needed for maintenance, and decreases the number of main-
tenance personnel required to evaluate potential issues.

The load 110 may comprise for example but without limi-
tation, a manned or unmanned aircraft, a submarine, an elec-
tronic device, a motor, a heater, a power distribution system,
an appliance, an additional electrical bus, an automotive
vehicle, a ship, a building, a hospital, a factory, a spacecraft,
or other load.

In an embodiment, the electrical diagnostic device 106
monitors live power that is being provided to the load 110 as
described in more detail below in the context of discussion of
FIG. 2. In another embodiment, the load 110 is isolated from
the power supply 102 and the electrical diagnostic device 106
monitors both an output of the power supply 102 at the power
supply receptacle 104 and the load plug 108 coupled to the
load 110 separately as described in more detail below in the
context of discussion of FIG. 3.

Through the combination of live power and isolated
designs, the electrical diagnostic device 106 can monitor, for
example but without limitation, three phase voltages from the
power supply 102, three phase frequencies from the power
supply 102, phase sequence, three phase current supplied to
the load 110, occurrence and location of open circuits, occur-
rence and location of short circuits (e.g., between pins of a
connector), possible location of short or open circuit along a
wire, and other diagnostic for anomaly determination.

FIG. 2 is an illustration of an exemplary functional block
diagram of an electrical power diagnostic system 200 accord-
ing to an embodiment of the disclosure. The various illustra-
tive blocks, modules, processing logic, and circuits described
in connection with the system 200 may be implemented or
performed with a general purpose processor, a content
addressable memory, a digital signal processor, an applica-
tion specific integrated circuit, a field programmable gate
array, any suitable programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof, designed to perform the functions
described herein.

While the system 200 is applicable to a wide range of
subsystems and modules of an electrical power system, an
exemplary system 200 is schematically illustrated in FIG. 2.
The embodiment shown in FIG. 2 may have functions, mate-
rial, and structures that are similar to the embodiments shown
in FIG. 1. Therefore common features, functions, and ele-
ments may not be redundantly described here.

The system 200 generally comprises the electrical diagnos-
tic device 106 (106 in FIG. 1), the power supply 102, the load
110, a power supply receptacle 218 (104 in FIG. 1), a load
plug 220 (108 in FIG. 1).

The device 106 comprises a display module 202 (112 in
FIG. 1), a plurality of menu buttons 204 (122 in FIG. 1), a
processor module 206, a memory module 208, a monitoring
logic module 210 (diagnostic monitor 210), a frequency
counter 212, a volt meter 214, an ammeter 216, and a plurality
of conductive paths 224 through 234.

The device 106 measures line voltage and E-F interlock,
line frequency, and line current, and calculates single line
resistance of each of the conductive paths 224 through 234 as
explained in more detail below. In this manner, the device 106
substantially instantly determines health of the power supply
receptacle 218 coupled to the power supply 102, finds open
circuits on the load 110, determines whether it is operation-
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6

ally optimal to apply external power from the power supply
receptacle 218 to the load plug 220, determines which of
conductive paths 224 through 234 (e.g., NC wiring/lines) are
disconnected, and finds potential short circuits on the load
110 by calculating the line resistance.

Further, the device 106 may provide a GO/NO-GO light
222 (indicator 116 in FIG. 1) such as a green and/or a red light
to inform the operator/user of a status of the device 106 such
that the operator/user can determine whether to apply exter-
nal power to the load 110 or not.

The display module 202 (112 in FIG. 1) is operable to
present tabular and graphical information thereon. For
example, the display module 202, may display, analysis
results of the monitoring logic module 210. The analysis
results may comprise for example but without limitation,
health of'the power supply receptacle 218 of the power supply
102, short circuits on the load 110, which of the conductive
paths 224 through 234 are connected, whether it is operation-
ally optimal to apply external power from the power supply
receptacle 218 to the load plug 220, location on the conduc-
tive paths 224 through 234 where short or open circuit occurs,
and other analysis result.

The display module 202 may comprise the display screen
114 (FIG. 1). The display screen 114 can be formed by any
display technology known in the art. For example, the display
screen 114 may comprise a Liquid Crystal Display (LCD)
screen formed by an LCD technology.

The menu buttons 204 can be used by an operator to select
various menu options on the display module 202. These func-
tions may comprise, for example but without limitation, volt-
age read, set load voltage set point, set interconnect resis-
tance, test power supply voltage, test power supply current, or
other function.

The monitoring logic module 210 (diagnostic monitor 210)
is operable to monitor and change electrical properties of the
power supply receptacle 218 and the load plug 220 by moni-
toring the conductive paths 224 through 234 for electricity to
flow between the power supply receptacle 218 and the load
plug 220. The electrical properties may comprise, for
example but without limitation, a line frequency, a line volt-
age, a line current, and a resistance measured across a wire of
each of the conductive paths 224 through 234, and other
property.

The line frequency and the line voltage of each of the
conductive paths 224 through 234 can be measured and set by
the frequency counter 212 and the volt meter 214 respectively
and monitored and changed by the diagnostic monitor 210.
The line current of each of the conductive paths 224 through
234 can also be measured by the ammeter 216 respectively
and monitored by the diagnostic monitor 210. Resistance
across an A/C line of each of the conductive paths 224 through
234 can be measured by, for example but without limitation,
an ohmmeter or other electrical resistance measurement
device. In one embodiment the ohmmeter is comprised in a
programmable interconnect resistance meter 302 (FIG. 3).

The diagnostic monitor 210 can change the electrical prop-
erties by sending a respective signal to the frequency counter
212 and the volt meter 214. For example, the volt meter 214
can receive a voltage step down signal from the diagnostic
monitor 210 and step down the line voltage of at least one of
the conductive paths 224 through 234 in response thereto
until a desired voltage is obtained. The desired voltage is
determined by the diagnostic monitor 210 based on operation
requirement of the system 200.

The diagnostic monitor 210 also monitors the E-F interlock
that essentially acts as a jumper. For example, pin E sends 28
Volt out, and pin F waits for detection before confirming that
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an external power source such as the power supply 102 is
applied. A wire within the power supply receptacle 218 may
be used to short the pin E and F together, when the power
source 102 is connected to indicate to the load 110 that power
supply receptacle 218 is engaged.

Additionally, the diagnostic monitor 210 calculates loca-
tion on the A/C line of the conductive paths 224 through 234
where short or open circuit occurs (e.g., a distance from an
electric power receptacle) using, for example but without
limitation, impedance, frequency measurement, capacitive
characteristics, or other open circuit detection method.

For example, the diagnostic monitor 210 analyzes a health
of'the power supply 102 and/or the load 110 when at least one
of'the conductive paths 224 through 234 is open. For another
example, the diagnostic monitor 210 analyzes electrical prop-
erties of power flow when the conductive paths 224 through
234 are closed.

The frequency counter 212 is operable to measure and set
the line frequency of each of the conductive paths 224 through
234.

The volt meter 214 is operable to measure and set the line
voltage across each of the conductive paths 224 through 234.

The ammeter 216 is operable to measure a line current
across each of the conductive paths 224 through 234.

The power-supply-side connector 118 is operable to con-
nect to the power supply 102 via the power supply receptacle
218. The power-supply-side connector 118 comprises pins
A-F that are connected to pins A-F of the load-side connector
120 via the conductive paths 224 through 234 respectively.

The load-side connector 120 is operable to couple to the
load 110 via the load plug 220. The load-side connector 120
comprises pins A-F that are connected to pins A-F of the
power-supply-side connector 118 via the conductive paths
224 through 234 respectively.

The processor module 206 comprises processing logic that
is configured to carry out the functions, techniques, and pro-
cessing tasks associated with the operation of the system 200.
Inparticular, the processing logic is configured to support the
diagnostic monitor 210 described herein.

In this manner, the processor module 206 enables users and
operators of the device 106 to easily and efficiently determine
both a magnitude of an external power related issue and
whether it is operationally optimal to apply external power to
components of the load 110.

The processor module 206 may be implemented, or real-
ized, with a general purpose processor, a content addressable
memory, a digital signal processor, an application specific
integrated circuit, a field programmable gate array, any suit-
able programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination
thereof, designed to perform the functions described herein.
In this manner, a processor may be realized as a micropro-
cessor, a controller, a microcontroller, a state machine, or the
like. A processor may also be implemented as a combination
of computing devices, e.g., a combination of a digital signal
processor and a microprocessor, a plurality of microproces-
sors, one or more microprocessors in conjunction with a
digital signal processor core, or any other such configuration.

The memory module 208 may be a data storage area with
memory formatted to support the operation of the device 106.
The memory module 208 is configured to store, maintain, and
provide data as needed to support the functionality of the
device 106 in the manner described below. The data may
comprise, for example but without limitation, impedance, the
line frequency measurement, capacitive characteristics, the
line voltage, the line current, or other electrical characteristics
measured and calculated by the device 106. The data may also
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comprise, the voltage read, the set load voltage set point, the
set interconnect resistance, the test power supply voltage, the
test power supply current, or other data that may be input or
selected via the menu buttons 204. In practical embodiments,
the memory module 208 may comprise, for example but
without limitation, a non-volatile storage device (non-volatile
semiconductor memory, hard disk device, optical disk device,
and the like), a random access storage device (e.g., SRAM,
DRAM), or any other form of storage medium known in the
art.

The memory module 208 may be coupled to the processor
module 206 and configured to store, for example but without
limitation, a computer program that is executed by the pro-
cessor module 206, an operating system, an application pro-
gram, tentative data used in executing a program, or other
application. Additionally, the memory module 208 may rep-
resent a dynamically updating database containing a table for
updating the data mentioned above. The memory module 208
may be coupled to the processor module 206 such that the
processor module 206 can read information from and write
information to the memory module 208. As an example, the
processor module 206 and memory module 208 may reside in
respective application specific integrated circuits (ASICs).
The memory module 208 may also be integrated into the
processor module 206. In an embodiment, the memory mod-
ule 208 may comprise a cache memory for storing temporary
variables or other intermediate information during execution
of instructions to be executed by the processor module 206.

FIG. 3 is an illustration of an exemplary functional block
diagram of an electrical power diagnostic system 300 accord-
ing to an embodiment of the disclosure. The embodiment
shown in FIG. 3 may have functions, material, and structures
that are similar to the embodiments shown in FIGS. 1-2.
Therefore common features, functions, and elements may not
be redundantly described here.

The system 300 generally comprises the electrical diagnos-
tic device 304 (device 106 in FIG. 1) comprising: a display
module 202 (110 in FIG. 1), the plurality of menu buttons
204, the processor module 206, the memory module 208, the
monitoring logic module 210, the frequency counter 212, the
volt meter 214, and a programmable interconnect resistance
meter 302. The system 300 also comprises the power supply
receptacle 218, the load plug 220, the power supply 104 and
the load 110. The system 200 and the system 300 differ in that
the ammeter 216 in the device 106 of the system 200 is
replaced by the programmable interconnect resistance meter
302 in the device 304 of the system 300.

The device 304 is operable to monitor both an output of the
power supply 102 at the power supply receptacle 104 and an
operability of the load plug 108 coupled to the load 110
separately when the load 110 is isolated from the power
supply 102.

The programmable interconnect resistance meter 302 is
operable to determine whether there is a short circuit between
a first pin and a second pin among pins A-F of the power-
supply-side connector 118 and pins A-F of the load-side
connector 120 by measuring a resistance between the first pin
and the second pin. When the power-supply-side connector
118 is coupled to the power supply receptacle 218, pins A-F of
the power supply receptacle 218 and the power supply 104
may be checked for short circuits. When the load-side con-
nector 120 is coupled to the power supply receptacle 218, pins
A-F ofthe load plug 220 and the load 110 may be checked for
short circuits. For example, a resistance may be measured
between the pin E of the load plug 220 and the pin N of the
load plug 220 to determine if there is a short between the pin
E and the pin N. For another example, a resistance may be
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measured between the pin A of the power supply receptacle
218 and the pin B of the power supply receptacle 218 to
determine if there is a short between the pin A and the pin B.

FIG. 4 is an illustration of an exemplary flowchart showing
aprocess 400 for an electrical power diagnostics according to
an embodiment of the disclosure. The various tasks per-
formed in connection with process 400 may be performed
mechanically, by software, hardware, firmware, a computer-
readable medium having computer executable instructions
for performing the process method, or any combination
thereof. It should be appreciated that process 400 may include
any number of additional or alternative tasks, the tasks shown
in FIG. 8 need not be performed in the illustrated order, and
process 400 may be incorporated into a more comprehensive
procedure or process having additional functionality not
described in detail herein.

For illustrative purposes, the following description of pro-
cess 400 may refer to elements mentioned above in connec-
tion with FIGS. 1-3. In practical embodiments, portions of the
process 400 may be performed by different elements of sys-
tems 100-300 such as: the power supply 102, theload 110, the
power-supply-side connector 118, the load-side connector
120, the menu buttons 204, the processor module 206, the
memory module 208, the monitoring logic module 210, the
frequency counter 212, the volt meter 214, the ammeter 216,
the power supply receptacle 218, the load plug 220, the con-
ductive paths 224 through 234, the programmable intercon-
nect resistance meter 302, etc. Process 400 may have func-
tions, material, and structures that are similar to the
embodiments shown in FIGS. 1-3. Therefore common fea-
tures, functions, and elements may not be redundantly
described here.

Process 400 may begin by controlling at least one conduc-
tive path such as the conductive paths 224-234 between a
power-supply-side connector such as the power-supply-side
connector 118 coupled to a power supply such as the power
supply 102, and a load-side connector such as the load-side
connector 120 coupled to a load such as the load 110 (task
402).

Process 400 may continue by monitoring a first electrical
property of the power-supply-side connector 118 (task 404).
The first electrical property may comprise, for example but
without limitation, a line frequency, a line voltage, a line
current, or other electrical property.

Process 400 may continue by monitoring a second electri-
cal property of the load-side connector 120. The second elec-
trical property may comprise, for example but without limi-
tation, a line frequency, a line voltage, a line current, or other
electrical property (task 406).

Process 400 may continue by analyzing the first electrical
property and the second electrical property using a diagnostic
monitor such as the diagnostic monitor 210 coupled to the
power-supply-side connector 118 and the load-side connec-
tor 120 (task 408).

Process 400 may continue by analyzing a health of the
power supply 102 when the at least one conductive path is
open (task 410).

Process 400 may continue by analyzing a health of the load
110 when the at least one conductive path is open (task 412).

Process 400 may continue by analyzing electrical charac-
teristics of power flow when the at least one conductive path
is closed (task 414). The electrical characteristics may com-
prise, for example but without limitation, impedance, the line
frequency, capacitive characteristics, the line voltage, the line
current, or other electrical characteristics measured and cal-
culated by the diagnostic monitor 210.
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FIG. 5 is an illustration of an exemplary flowchart showing
a process 500 for providing an electrical power diagnostic
device such as system 200-300 according to an embodiment
of'the disclosure. The various tasks performed in connection
with process 500 may be performed mechanically, by soft-
ware, hardware, firmware, a computer-readable medium hav-
ing computer executable instructions for performing the pro-
cess method, or any combination thereof. It should be
appreciated that process 500 may include any number of
additional or alternative tasks, the tasks shown in FIG. 5 need
not be performed in the illustrated order, and process 500 may
be incorporated into a more comprehensive procedure or
process having additional functionality not described in detail
herein.

For illustrative purposes, the following description of pro-
cess 500 may refer to elements mentioned above in connec-
tion with FIGS. 1-3. In practical embodiments, portions of the
process 500 may be performed by different elements of sys-
tems 100-300 such as: the power supply 102, the load 110, the
power-supply-side connector 118, the load-side connector
120, the menu buttons 204, the processor module 206, the
memory module 208, the monitoring logic module 210, the
frequency counter 212, the volt meter 214, the ammeter 216,
the power supply receptacle 218, the load plug 220, the con-
ductive paths 224 through 234, the programmable intercon-
nect resistance meter 302, etc. Process 500 may have func-
tions, material, and structures that are similar to the
embodiments shown in FIGS. 1-3. Therefore common fea-
tures, functions, and elements may not be redundantly
described here.

Process 500 may begin by providing a power-supply-side
connector such as the power-supply-side connector 118 oper-
able to couple to a power supply such as the power supply 102
(task 502).

Process 500 may continue by providing a load-side con-
nector such as the load-side connector 120 operable to couple
to a load such as the load 110 (task 504).

Process 500 may continue by providing at least one con-
ductive path such as each of the conductive paths 224-234 for
electricity to flow between the power-supply-side connector
118 and the load-side connector 120 (task 506).

Process 500 may continue by providing a diagnostic moni-
tor such as the diagnostic monitor 210 operable to monitor
and change electrical properties of the power-supply-side
connector 118 and the load-side connector 120 (task 508).

Process 500 may continue by providing a display module
such as the display module 202 operable to display analysis
results of the diagnostic monitor 210 (task 510).

Process 500 may continue by providing a programmable
interconnect resistance meter such as the programmable
interconnect resistance meter 302 operable to determine
whether there is a short circuit between a first pin and a second
pin among pins A-F of the power-supply-side connector 118
and the load-side connector 120 by measuring a resistance
between the first pin and the second pin (task 512).

Process 500 may continue by providing a frequency
counter such as the frequency counter 212 operable to mea-
sure and set a line frequency of the at least one conductive
path such as each of the conductive paths 224-234 (task 514).
For example, the line frequency can be set to test if frequency
variation is affecting an operation of the load 110.

Process 500 may continue by providing a volt meter such
as the volt meter 214 operable to measure and set a line
voltage of the at least one conductive path (task 516). For
example, the line voltage can be stepped down by the volt
meter 214 until a desired voltage is obtained.
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Process 500 may continue by providing an ammeter such
as the ammeter 216 operable to measure a line current of the
at least one conductive path such as each of the conductive
paths 224-234 (task 518).

In this way, embodiments of the disclosure provide an
electronic troubleshooting tool to provide necessary informa-
tion to more precisely and with more expediency determine a
source of an anomaly in an electronic system.

In this document, the terms “computer program product”,
“computer-readable medium”, “computer readable storage
medium”, and the like may be used generally to refer to media
such as, for example, memory, storage devices, or storage
unit. These and other forms of computer-readable media may
be involved in storing one or more instructions for use by the
processor module 206 to cause the processor module 206 to
perform specified operations. Such instructions, generally
referred to as “computer program code” or “program code”
(which may be grouped in the form of computer programs or
other groupings), when executed, enable an electrical diag-
nostic process of the systems 100-300.

The above description refers to elements or nodes or fea-
tures being “connected” or “coupled” together. As used
herein, unless expressly stated otherwise, “connected” means
that one element/node/feature is directly joined to (or directly
communicates with) another element/node/feature, and not
necessarily mechanically. Likewise, unless expressly stated
otherwise, “coupled” means that one element/node/feature is
directly or indirectly joined to (or directly or indirectly com-
municates with) another element/node/feature, and not nec-
essarily mechanically. Thus, although FIGS. 1-3 depict
example arrangements of elements, additional intervening
elements, devices, features, or components may be present in
an embodiment of the disclosure.

Terms and phrases used in this document, and variations
thereof, unless otherwise expressly stated, should be con-
strued as open ended as opposed to limiting. As examples of
the foregoing: the term “including” should be read as mean-
ing “including, without limitation” or the like; the term
“example” is used to provide exemplary instances of the item
in discussion, not an exhaustive or limiting list thereof; and
adjectives such as “conventional,” “traditional,” “normal,”
“standard,” “known” and terms of similar meaning should not
be construed as limiting the item described to a given time
period or to an item available as of a given time, but instead
should be read to encompass conventional, traditional, nor-
mal, or standard technologies that may be available or known
now or at any time in the future.

Likewise, a group of items linked with the conjunction
“and” should not be read as requiring that each and every one
of'those items be present in the grouping, but rather should be
read as “and/or” unless expressly stated otherwise. Similarly,
a group of items linked with the conjunction “or” should not
be read as requiring mutual exclusivity among that group, but
rather should also be read as “and/or” unless expressly stated
otherwise. Furthermore, although items, elements or compo-
nents of the disclosure may be described or claimed in the
singular, the plural is contemplated to be within the scope
thereof unless limitation to the singular is explicitly stated.
The presence of broadening words and phrases such as “one
or more,” “at least,” “but not limited to” or other like phrases
in some instances shall not be read to mean that the narrower
case is intended or required in instances where such broad-
ening phrases may be absent.

As used herein, unless expressly stated otherwise, “oper-
able” means able to be used, fit or ready for use or service,
usable for a specific purpose, and capable of performing a
recited or desired function described herein. In relation to
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systems and devices, the term “operable” means the system
and/or the device is fully functional and calibrated, comprises
elements for, and meets applicable operability requirements
to perform a recited function when activated. In relation to
systems and circuits, the term “operable” means the system
and/or the circuit is fully functional and calibrated, comprises
logic for, and meets applicable operability requirements to
perform a recited function when activated.

The invention claimed is:

1. An electrical power diagnostic device comprising:

a power-supply-side connector operable to couple to a
power supply;

a load-side connector operable to couple to a load;

at least one conductive path for electricity to flow between
the power-supply-side connector and the load-side con-
nector;

a diagnostic monitor operable to monitor and change elec-
trical properties of the power-supply-side connector and
the load-side connector; and

a programmable interconnect resistance meter operable to
determine whether there is a short circuit between a first
pin and a second pin among pins of the power-supply-
side connector and the load-side connector by measur-
ing a resistance between the first pin and the second pin.

2. The electrical power diagnostic device of the claim 1,
further comprising a display module operable to display
analysis results of the diagnostic monitor.

3. The electrical power diagnostic device of the claim 1,
further comprising a frequency counter operable to measure
and set a line frequency of the conductive path.

4. The electrical power diagnostic device of the claim 1,
further comprising a volt meter operable to measure and set a
line voltage of the at least one conductive path.

5. The electrical power diagnostic device of the claim 1,
further comprising an ammeter operable to measure a line
current of the at least one conductive path.

6. The electrical power diagnostic device of the claim 1,
wherein the power supply is an aircraft ground cart.

7. The electrical power diagnostic device of the claim 1,
wherein the electrical properties comprise at least one prop-
erty of the at least one conductive path selected from the
group consisting of: a line frequency, a line voltage, a line
current, and a line resistance.

8. The electrical power diagnostic device of the claim 1,
wherein the load is an aircraft accepting external power.

9. The electrical power diagnostic device of the claim 1,
wherein:

the power supply is one of an aircraft ground cart and a
hanger power; and

the load is an aircraft accepting external power.

10. A method for providing an electrical power diagnostic
device comprising:

configuring a power-supply-side connector to couple to a
power supply;

configuring a load-side connector to couple to a load;

configuring at least one conductive path for electricity to
flow between the power-supply-side connector and the
load-side connector;

configuring a diagnostic monitor to monitor and change
electrical properties of the power-supply-side connector
and the load-side connector; and

configuring a programmable interconnect resistance meter
to determine whether there is a short circuit between a
first pin and a second pin among pins of the power-
supply-side connector and the load-side connector by
measuring a resistance between the first pin and the
second pin.
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11. The method of the claim 10, further comprising con-
figuring a display module to display analysis results of the
diagnostic monitor.

12. The method of the claim 10, further comprising con-
figuring a frequency counter to measure and set a line fre-
quency of the at least one conductive path.

13. The method of the claim 10, further comprising con-
figuring a volt meter to measure and set a line voltage of the
at least one conductive path.

14. The method of the claim 10, further comprising con-
figuring an ammeter to measure a line current of the at least
one conductive path.

15. A method for electrical power diagnostics comprising:

controlling at least one conductive path between a power-

supply-side connector coupled to a power supply and a
load-side connector coupled to a load;

monitoring a first electrical property of the power-supply-

side connector;

monitoring a second electrical property of the load-side

connector;

analyzing the first electrical property and the second elec-

trical property using a diagnostic monitor coupled to the
power-supply-side connector and the load-side connec-
tor; and
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determining whether there is a short circuit between a first
pin and a second pin among pins of the power-supply-
side connector and the load-side connector by measur-
ing a resistance between the first pin and the second pin
via a programmable interconnect resistance meter.

16. The method of the claim 15, further comprising ana-
lyzing a health of the power supply when the at least one
conductive path is open.

17. The method of the claim 15, further comprising ana-
lyzing a health of the load when the at least one conductive
path is open.

18. The method of the claim 15, further comprising ana-
lyzing electrical characteristics of power flow when the at
least one conductive path is closed.

19. The electrical power diagnostic device of claim 1,
wherein the power-supply side connector is operable to
couple to a power supply receptacle of the power supply.

20. The electrical power diagnostic device of claim 1,
wherein the a load-side connector is operable to couple to a
load plug of the load.
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